In this paper, heat transfer analysis associated with thermal radiation as well as viscous dissipation accompanied by internal heat generation/absorption on three dimensional MHD flow of nanofluid over a shrinking surface has been investigated. Some suitable transformations are employed to convert the partial differential equations corresponding to momentum and energy equations into highly non-linear ordinary differential equations. Series solutions of these equations are obtained by employing Homotopy analysis method (HAM). Results for velocities, temperature and Nusselt number are displayed and discussed in rich detail. It is found that magnetic field impedes the fluid motion leading to thinner momentum boundary layer. Increase in thermal radiation as well as viscous dissipation reduces the heat transfer rate from the shrinking surface. It is remarkable to note that heat generation and heat absorption alters the heat transfer rate and there by changes the structure of thermal boundary layer.
Introduction
The study of three dimensional magnetohydrodynamic flow of an electrically conducting nanofluid has attracted the immense interest from many researchers around the world because of their fascinating thermo-physical properties and heat transfer performance as well as enormous potential applications. Such applications include coolants for computers and nuclear reactors, cancer therapy, safer surgery by cooling, lubricants, heat exchangers, micro-channel heat sinks, and different electronic devices for use in Defence sectors, cooling of vehicles and transformers, in
The characteristics of suction and injection in flow analysis are important in view of its many engineering activities such as the design of thrust bearing and radial diffusers and thermal oil recovery. In order to remove reactants suction is applied to many chemical processes. It also renders immeasurable quantities from ambient fluid to the immediate neighborhood of the surface. Vajravelu [16] , Nayak et al. [17] and Nandy [18] took into account the influence of suction/injection on three dimensional MHD flows of several fluids over stretching/shrinking surfaces.
To the best of knowledge of the authors, yet no attempt has been made to study the combined effects of suction, thermal radiation, viscous dissipation and internal heat generation/absorption on the 3D MHD flow of nanofluid past a shrinking surface. 
The thermal radiation effects are of vital importance at high absolute temperature due to basic difference between radiation and convection and conduction energy-exchange mechanisms. For instance, thermal radiation effect is important in case of high temperature difference between the boundary surface and ambient fluid. Also thermal radiation effect is inevitable for space applications where some devices are designed to operate at high temperature levels in order to obtain high thermal efficiency. That is why the radiation effects are significant while determining thermal effects in the processes with high temperatures. Akber et al. [19] , Mustafa et al. [20] and Pal et al. [21] investigated the effects of thermal radiation on MHD convective flow of nanofluid past a stretching/shrinking surface Viscous dissipation appears in larger planets, heavier gases in space and geological processes. Additional heat generation due to viscous dissipation in the flow system acts like an energy source which alters the fluid temperature and the boundary layer structure there by changing the heat transfer rate. Hence, viscous dissipation is important to be considered in the present study. Ramzan [22] and Nayak [23] have studied the effects of viscous dissipation on the MHD flow over various continuous surfaces.
In many situations, there may be an appreciable temperature difference between the surface and the ambient fluid which needs the heat generation or absorption that exerts strong influence on heat transfer characteristics. In other words, heat generation produces thermal energy in the boundary layer leading to rise in fluid temperature while heat absorption causes fall in fluid temperature in thermal boundary layer. Hence, heat generation/absorption controls the heat transfer rate in the thermal boundary layer appreciably. It is for this reason that heat generation/absorption is introduced in the present study. Bhattacharyya [24] and Hakeem et al. [25] have paid their attention in exhibiting the influence of heat generation/absorption on MHD flow of nanofluid and other viscoelastic fluids over stretching and shrinking surfaces. Moreover, Ezzat [26] [27] and Ezzat and El-Bary [28] analyzed the heat transfer effects on conducting fluid with free convection and thermoelectric fluid using state space approach.
The heat transfer analysis associated with thermal radiation as well as viscous dissipation accompanied by internal heat generation/absorption on three dimensional MHD flow of nanofluid over a shrinking surface by considering nanofluid model-I proposed by Mahdy [29] is the main aim of our present study. Apart from this primary objective, the influence of other pertinent parameters on three dimensional MHD flow and heat transfer of nanofluid over a permeable shrinking surface have been explored.
In this paper, Homotopy analysis method is implemented to solve the transformed boundary layer equations and explore the effects of nanoparticle volume fraction (  ), magnetic parameter (M), permeability parameter ( p K ), shrinking parameter (A), suction/injection parameter ( w f ), Prandtl number ( r P ), radiation parameter (R), internal heat generation/absorption parameter (Q) and Eckert number ( c E ) on velocity and temperature fields for nanofluids using the thermo physical properties of the base fluid (pure water) and different nanoparticles. It is also worthy to mention that the influence of various pertinent parameters on skin friction coefficient and Nusselt number has been discussed.
Formulation of the Problem
Consider a steady three dimensional electrical conducting magnohydrodynamic nanofluid flow past a shrinking surface. Assume that a uniform transverse magnetic field of strength 0 B is impressed parallel to the z-axis as shown in Fig. 1 . Also the induced magnetic and electric fields are assumed to be neglected. The convective boundary conditions are implemented in the heat transfer process. 
subject to the boundary conditions
where 0 a  for shrinking sheet. The sheet shrinks along x-direction only when m = 1 and that shrinks axi-symmetrically for m = 2. The convective boundary condition implicates that the plate is heated by convection from another fluid with constant temperature f T with a constant heat transfer
The characteristic parameters of the nanofluid [16] are:
(1-)
The radiative heat flux using Rosseland approximation [32] is given by
Assume that the differences in temperature within the flow are such that
4
T can be expressed as a linear combination of the temperature. Thus, expanding 4 T in a Taylor series about T  and neglecting higher order terms, we obtain
Thus,
Introducing the variables
Equation (1) 1
with boundary conditions Nu are determined respectively as
where
represents the wall shear stress at the shrinking surface and
represents the wall heat flux from the shrinking surface.
The dimensionless form of skin-friction coefficient and local Nusselt number can be obtained respectively as
where Re x is the Reynolds number defined by Re
Homotopy Solutions
Let us choose the initial approximations and auxiliary linear operators for homotopy analysis solutions as
The above auxiliary linear operators satisfy the following properties:
    
including 1 c to 5 c as arbitrary constants.
Following Liao [33] , Hayat et al. [34] , Abbasbandy and Shirzadi [35] , the associated zeroth order deformation problems can be obtained as:
where p represents an embedding parameter, f  and   are non-zero auxiliary parameters.
The non-linear operators f N and N  are respectively
With the help of Taylor's expansion, we can obtain
The convergence of the above series depends upon f  and   . Assume that f  and   are properly chosen so that eqns. (27) and (28) converge at
The general solutions can be obtained as 
can be obtained as 
Convergence Analysis and Discussion
The influence of suction, thermal radiation, viscous dissipation and internal heat generation/absorption on magnetohydrodynamic flow of nanofluid over a shrinking surface has been studied in this paper. Some interesting insights regarding the effects of various pertinent parameters that govern the present problem have been extracted.
In order to obtain the meaningful series solutions of boundary layer equations, it is inevitable to determine the convergence region. In fact, as long as series solutions obtained by the Homotopy analysis method converge, they must be exact solutions. So, it must be ensured that the solution series incorporated in eqns. (27) and (28) It is inferred from this figure that increasing values of magnetic parameter M reduces the fluid velocity which causes the momentum boundary layer to shrink. It is acknowledging the fact that the transverse magnetic field in interaction with conducting nanofluid develops a retarding force called Lorentz force which decelerates the fluid motion. We would like to remark here that unless until the magnetic field were applied to the conducting fluid it would not have been opposed by Lorentz force so that the deceleration of fluid motion would not have been accomplished. However, the deceleration is well occasioned for higher strength of magnetic field. This result is agreed very well with Nayak et al. [36] and Alhuthali et al. [37] In substance, the presence of porous matrix offers a resistive force which impedes the fluid motion resulting thinner velocity boundary layer. An important point to be declared in this is regard that the deceleration trend of fluid motion is more pronounced in presence of magnetic field than that due to contribution of porous matrix. This result is in consistent with the results reported earlier by [38] . From Fig. 7 it is clear that the presence of porous matrix reduces the wall temperature gradient indicating reduction in heat transfer rate leading to faster cooling.
The effect of suction parameter w f on velocity distribution is depicted in Fig. 8 . From this figure it is seen that there is decrease in fluid velocity (magnitude) due to the presence of suction   0 w f  accompanied by the influence of resistive force offered by external magnetic field as well as porous matrix [23] . The reason behind this trend offered by suction is that suction tends to shrink the velocity distribution by drawing the ambient fluid particles into the immediate vicinity of the wall and there by the momentum boundary layer shrinks. Further, from the Fig. 9 it is observed that temperature profiles with suction there by enhances the wall temperature gradient and making thinner the thermal boundary layer. Fig. 10 describes the behavior of Prandtl number r P on the temperature distribution. In order to understand the influence of r P on fluid temperature we should first know the meaning of the term Prandtl number r P . Physically, r P is the ratio of kinematic viscosity to the thermal diffusivity. Increasing values of r P decrease thermal diffusivity there by belittles the fluid temperature which in turn reduces thermal boundary layer thickness [39] .
Thermal radiation parameter R regulates the temperature of a system. The temperature distribution due to several values of R is illustrated in Fig. 11 . It explains that there is an increase in temperature with an increase in R [40] . However, it is not likely to provide any significant contribution to the growth of thermal boundary layer. An important point to be remarked in this regard is that the radiation parameter R reduces the wall temperature gradient leading to lower heat transfer rate from the surface. Hence, it must be noted that R should be kept minimum for ensuring better cooling.
Indeed, Eckert number c E is a measure of dissipative effects in the flow. In other words, it measures the energy dissipation of flow configuration. As far as temperature distribution is concerned, for different values of Eckert number c E the temperature gradient at the surface gets reduced. This point becomes clear from Fig. 12 . We express this by saying that the viscous dissipation as a heat generation that is addition of heat due to viscous dissipation within the fluid that is heat energy stored in the fluid by virtue of frictional heating enhances the fluid temperature [17, 22, 23] . Another point is to be noted from the Fig.13 that increasing values of c E reduces the Nusselt number indicating the diminution of heat transfer rate from the surface in presence of heat generation/absorption.
The present analysis is carried out for the internal heat generation/absorption whose influence on fluid temperature is evinced in Fig. 14. This figure informs the fact that the temperature profiles get enhanced due to increase in the values of internal heat generation/absorption parameter Q . It needs to be noted that the wall temperature gradient gets reduced in presence of heat generation   0 Q  while reverse trend is envisaged with heat absorption   0 Q  [23, 30] . Hence, it is clear to mention that heat generation and heat absorption alters the heat transfer rate in the thermal boundary layer and there by changes the structure of thermal boundary layer.
Figures 15-17 focus to describe the effects of nanoparticle volume fraction parameter  on the momentum and heat transfer coefficient. One can see from the Fig.17 that the local skin friction coefficient is found to increase due to an increase in  . This is expected, since  accelerates the flow motion as illustrated in Fig.15 . It is interesting to note that temperature profiles are significantly sensitive to  unlike velocity profiles as traced in Fig.13 . This behavior implies that increasing values of  in association with increasing magnetic field strength enhance the rate of shear stress contributing more stability to the fluid flow and thicker velocity boundary layer in the entire flow domain. Further it would be interesting to remark here that the heat flux from the shrinking surface diminishes in the thicker thermal boundary layer as is seen in Fig.16 . It is well agreed with Rohni et al. [41] .
An increase in shrinking parameter A appreciably enhances the flow velocity (magnitude) as well as the fluid temperature leading to thicker momentum as well as thermal boundary layers (Figs.18-19 ). 
Conclusion
Suction, thermal radiation, viscous dissipation and heat generation/absorption effects in three dimensional boundary layer MHD flow of nanofluid by a shrinking surfaces are examined. The major points of this research are :  An increase in magnetic field strength as wll as porous matrix restrains the fluid motion results in shrinking of momentum boundary layer.  Suction by drawing the ambient fluid particles into the immediate neighbourhood of the wall decelerates the fluid motion and enhances fluid temperature developing thinner velocity boundary layer as well as thermal boundary layer.  Prandtl number Pr belittles the fluid temperature.  Thermal radiation parameter R enhances the wall temperature gradient leading to lower heat transfer rate from the surface.
 Viscous dissipation as a heat energy stored in the fluid by virtue of frictional heating enhances the fluid temperature indicating the diminution of heat transfer rate from the surface.
 Temperature     is an increasing function of heat generation/absorption parameter Q.
 Local skin friction coefficient is found to increase due to increase in nanoparticle volume fraction parameter  .
